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Improved Photomultiplier Tube Circuit 

The present invention relates to an improved circuit for charging 
and controlling a photomultiplier tube (PMT) and in particular to 
a circuit used to enable a monitoring device to gain BASEEFA 
(British Approval Services for Electrical Equipment for use in 
Flammable Atmospheres) certification, meaning that it is 
designated safe for use in an explosive environment. 

Known PMTs comprise a photocathode , a plurality of multiplication 
dynodes having an associated voltage divider network and an anode. 
The dynodes of the PMT require a progressively higher voltage to 
ensure the transmission of secondary electrons through the 
multiplier section of the tube. Usually the voltage supply is 
provided by a resistive voltage divider network. A stabilised high 
voltage power supply is therefore required. To prevent excessive 
variations in the dynode voltages, the current through the voltage 
divider network should be high compared with the electrode 
currents themselves. A minimum value of at least 100 times the 
maximum average anode current is required. Typically, the PMT has 
ten dynode stages which are supplied with the particular voltage 
necessary to obtain the required overall gain. 

Alternatively the dynode stages can be supplied by a Cockcroft 
Walton arrangement which is known to be an efficient means for 
charging the dynodes. Such an arrangement has a capacitor circuit 
associated with each of the dynode stages. The capacitor circuit 
stores the necessary charge to maintain the voltage required at 
each of the dynode stages to ensure linearity of response for the 
largest pulse events likely. Such an arrangement provides a low 
current supply to the dynodes which helps to reduce the power 
consumption of the circuit. 

The Oscillator which supplies the HV to the circuit provides the 
majority of the losses in such a circuit and as such any reduction 
in the time for which the Oscillator is required to be on will 
provide the best return as far as power efficiency is concerned. 

Furthermore, known PMTs are prone to damage if they are exposed to 
light, for example when the screen on a monitor is punctured. This 




is due to the amplification of the input signal by the multiplying 
dynodes which overloads the PMT by stripping the coating from the 
electrodes by secondary electron emission. This "stripping" effect 
occurs during normal operation of the PMT although somewhat slower 
5 and controlled, giving a finite life to any PMT. 

In order to improve the power efficiency of the PMT / HV circuitry 
the inventor has found that the oscillator does not require to 
provide a continuous supply and can be switched on and off without 
effecting the signal produced by the PMT. By sampling the voltage 
10 on one of the dynode stages the oscillator can be controlled such 
that when the voltage on a dynode stage drops below a 
predetermined level the oscillator will be switched on thus 
restoring the required voltage. When the voltage is back up to the 
required level the oscillator can be switched off. 

15 It is an aim of the present invention to provide a PMT circuit 
which reduces the power consumption of the circuit and 
additionally meets the BASEEFA requirements. 

Accordingly, the present invention provides a photomul tiplier tube 
circuit comprising a photomul tiplier tube having a plurality of 

20 dynodes, charging circuitry for providing charge to the plurality 
of dynodes and an oscillator for providing a high voltage supply 
to the charging circuitry characterised in that the 
photomul tiplier tube circuit further comprise means for sampling 
the voltage of at least one of the dynodes and a switching means 

25 for switching the oscillator on and off with respect to the at 
least one dynode voltage sampled. 

In the PMT and associated HV circuitry according to the invention, 
the preferred / enhanced operating conditions for a given voltage 
is determined. Each dynode stage can then be supplied with the 

30 optimum voltage by conventional charging circuitry or preferably 
by using a Cockcroft Walton arrangement. By maintaining each 
dynode at the optimum voltage, space charge effects and non- 
linearity are reduced. The number of dynode stages used determines 
the overall gain which will be achieved. The overall gain is kept 

35 to a minimum consistent with signal to noise requirements, keeping 
peak and average currents low and extending PMT life. Any unused 
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stages on a pmt can be linked to the anode. The system provides a 
low impedance HV supply for each dynode, as required, providing 
just sufficient charge to ensure linearity of response for the 
largest pulse events likely. 

The amount of charge is closely controlled to increase the power 
efficiency of the circuit and the switching means is configured to 
switch the oscillator on and off in response to the dynode voltage 
sampled so as to maintain the required operating conditions. 

Advantageously the switching means can be in the form of a micro- 
controller and can usefully be configured so as to determine the 
length of time the oscillator is switched on for in order to 
maintain the required operating conditions. This 'on' time period 
can be used to determine the exposure condition of the PMT and 
enable the switching means to prevent dynode, anode or photo - 
cathode damage (such as "stripping"). It can also reduce power 
wastage due to currents caused by exposure conditions outside the 
normal operating range of the equipment, such as excessive light 
conditions caused by foil / window damage etc. by controlling the 
maximum length of time the oscillator is switched on. A short 'on- 
time, e.g. less than 10ms, will be indicative of normal working 
conditions and a longer 'on' time will be indicative of an 
overload condition (too many counts per second) . An overload 
condition will result in maximum 'on' times, e.g. times of 10ms, 
being required. 

Alternatively the oscillator can be controlled such that the 
oscillator is switched on at a regular interval, for example every 
100ms, for a set maximum time period, for example 10ms. If within 
the 10ms the voltage on the dynode stage reaches the required 
level the oscillator will be switched off, for example after only 



When an overload condition is detected this can be indicated on 

the display or otherwise. 

Time delays can also be arranged within the oscillator's switching 
means. These time delays can be arranged such that whilst an 
35 overload condition is indicated the time delay between switching 




on the oscillator or trying to restart the circuit is gradually- 
increased until the overload condition is removed. These time 
delays can help protect the photomul tiplier tube from the overload 
conditions thus, for example, preventing 'stripping' of the 
5 dynodes if the window is pierced and also allowing for the routine 
replacement of the window. These delays will also reduce power 
consumption resulting from the overload condition. 

In addition to the advantage of power efficiency and exposure 
condition detection the above reduces the noise generated in the 
10 system whilst the oscillator is off, enabling more accurate 
readings from the PMT. 

The photomul tiplier tube circuit according to this invention can 
be used in any application requiring use of a photomul tiplier tube 
however the circuit according to the present invention has been 

15 optimised for use in a radiation monitor. In particular it has 
been optimised for use in a portable radiation monitor which 
requires to meet the BASEEFA criteria and which needs no on/off 
switch, the power efficiency of the circuits resulting in the 
batteries only requiring replacement annually during planned 

20 preventative maintenance and calibration activities, as required 
under the Ionising Radiation Regulations, 1985. 

According to a second aspect of the present invention there is 
provided a method of controlling the charging of a photomul tiplier 
tube having a plurality of dynodes using a charging means 
25 comprising the cycle of: 

i/ charging the dynodes to a predetermined voltage; 

ii/ switching off the charging means; 

iii/ sampling at least one of the dynodes to determine its 
voltage; 

30 iv/ switching on the charging means when the sampled dynode 
voltage drops below a predetermined voltage 



Alternatively there is provided a method of controlling the 
charging of a photomultiplier tube having a plurality of dynodes 
using a. charging means comprising the cycle of: 

i/ switching on the charging means for a predetermined maximum 
5 period of time; 

ii/ during the predetermined maximum period of time sampling at 
least one of the dynodes to determine its voltage; 

iii/ switching off the charging means when the sampled dynode 
voltage reaches a predetermined level or the maximum period of 
10 time is reached; 

iv/ waiting for a predetermined period of time. 

Embodiments of the invention will now be described, by way of 
example, with reference to the accompanying drawing, wherein 

Fig. 1 shows a simplified circuit diagram of the PMT circuit. 

Referring to fig. l the PMT circuit comprises a microcontroller, 
1; an oscillator circuit, 2, comprising a resistor Rl, two 
capacitors CI and C2, a transistor TR1 and an inductor LI; 
charging circuitry in the form of a Cockcroft Walton arrangement, 
3, comprising nine diodes, Dl to D9 and nine capacitors C3 to Cll 
a photomultiplier tube, 4, comprising an anode, dynode stages SI. 
to S7 and a cathode, and sampling circuitry, 5 comprising 
resistors R2 and R3 and a comparator. 

On start-up the oscillator, 2, provides a high voltage supply to 
the charging circuitry, 3, which charges the dynode stages of the 
Photomultiplier tube, 4, until they reach predetermined voltages 
as determined by the sampling circuitry, 5. In this circuit, only 
3 stages of gain are used with dynodes S4 to S7 being connected 
to the Anode of the photomultiplier tube. When the dynode stages 
are at the required voltages the sampling circuitry generates a 
'stop' signal which is received by the micro-controller, 1, which 
switches off the oscillator. 
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During normal operation the oscillator, 2, is switched on every 
100ms by the micro - controller , 1 , for a maximum of 10ms. The 
charging time required is determined by the micro -controller, 1, 
using the sampling circuitry , 5. When the sampling circuitry, 5, 
5 determines the required voltages have been achieved in the 

photomultiplier tube, 4, it generates a 'stop' signal and the 
micro-controller, 1, switches the oscillator, 2, off and 
determines the total 'on' time. 

The 'on' time can then be used to determine exposure conditions, 
10 for example a short 'on' time, i.e. one less than 7ms, will show 
normal working conditions, a longer 'on' time, i.e. one between 
7ms and 9ms will indicate 'overload conditions' and an 'on' time 
of the maximum 10ms will indicate 'light leak' conditions. 
Obviously the times taken to indicate the conditions are dependant 
15 on the specific components used and voltages required and can be 
varied accordingly. 

When 'overload' or 'light leak' conditions are detected the micro- 
controller, 1, can be designed so as to wait for increasingly 
longer set periods of time before switching on the oscillator, 2, 

20 again so as to save power and to protect the photomultiplier tube 
from damage. The time delays between attempting to charge the 
dynodes could be progressively doubled after a predetermined 
number of 'on' times which indicate 'overload' or 'light leak' 
conditions. For example, if after 256 attempts to charge the 

25 dynodes the 'overload' or 'light leak' conditions are indicated, 
the micro -controller, 1, is programmed to wait 2 seconds before 
trying again to charge the dynodes. If after 256 further attempts 
to charge the dynodes the 'overload' or 'light leak' conditions 
are still indicated the micro-controller, 1, is programmed to wait 

30 4 seconds before trying to charge the dynodes. This cycle can be 
repeated until the 'overload' or 'light leak' conditions are 
removed. These 'overload' or 'light leak' conditions can also be 
indicated to a display (not shown) . 



CLAIMS 



1. A photomultiplier tube circuit comprising a photomultiplier 
tube having a plurality of dynodes, charging circuitry for 
providing charge to the plurality of dynodes and an oscillator for 
providing a high voltage supply to the charging circuitry 
characterised in that the photomultiplier tube circuit further 
comprises means for sampling the voltage of at least one of the 
dynodes and switching means for switching the oscillator on and 
off with respect to the at least one dynode voltage sampled. 

2. A photomultiplier tube circuit according to claim 1 wherein 
the switching means comprises a micro -controller. 

3. A photomultiplier tube circuit according to claim 1 or 2 
wherein the switching means is configured so as to determine the 
length of time that the oscillator is switched on. 

4. A photomultiplier tube circuit according to claim 3 wherein 

the exposure conditions of the photomultiplier tube can be 

determined from the length of time that the oscillator is switched 
on. 

5. A photomultiplier tube circuit according to any of the 
preceding claims wherein the charging circuitry is in the form of 
a Cockcroft Walton circuit. 

6. A photomultiplier tube circuit according to any of the 
preceding wherein the oscillator is switched on for a set period 
of time at predetermined intervals and is switched off when the 
dynode voltage sampled reaches a predetermined voltage. 

7. A radiation monitor comprising a photomultiplier tube circuit 
according to any of the preceding claims. 

8. A method of controlling the charging of a photomultiplier tube 
having a plurality of dynodes using a charging means comprising 
the cycle of: 



charging the dynodes to a predetermined voltage; 



8 

switching off the charging means; 

sampling at least one of the dynodes to determine its voltage; 

switching on the charging means when the sampled dynode voltage 
drops below a predetermined voltage. 

9. A method of controlling the charging of a photomul tiplier tube 
having a plurality of dynodes using a charging means comprising 
the cycle of : 

switching on the charging means for a predetermined maximum 
period of time; 

during the predetermined maximum period of time sampling at 
least one of the dynodes to determine its voltage; 

switching off the charging means when the sampled dynode voltage 
reaches a predetermined level or the maximum period of time is 
reached; 

waiting for a predetermined period of time. 

10. A photomultiplier tube circuit substantially as hereinbefore 
described with reference to figure 1. 




ABSTRACT 

Improved Photomultiplier Tube Circuit 



A photomultiplier tube circuit with reduced power consumption 
5 comprising a photomultiplier tube having a plurality of dynodes, 
charging circuitry for providing charge to the plurality of 
dynodes and an oscillator for providing a high voltage supply to 
the charging circuitry characterised in that the photomultiplier 
tube circuit further comprise means for sampling the voltage of at 
10 least one of the dynodes and a switching means for switching the 
oscillator on and off with respect to the at least one dynode 
voltage sampled. 



